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. CRUISE PERFORMANCE OF AN ISOLATED 1. 15 PRESSURE RATIO 
TURBOFAN PROPULSION SYSTEM SIMULATOR AT 
MACH NUMBERS FROM 0. 6 TO 0. 85 
by Fred W. Steffen 
Lewis Research Center 

SUMMARY 

An isolated 1. 15 pressure ratio turbofan engine simulator was tested at Mach num- 
bers from 0. 6 to 0. 85. Values of nacelle thrust minus drag, propulsive efficiency, inlet 
and nozzle performance, and component pressure distributions were obtained. 

At Mach 0. 75 the propulsive force of the nacelle (excluding core thrust) was 73 per- 
cent of the ideal fan net thrust. Internal losses amounted to 7 percent of the ideal fan 
net thrust, and external drag amounted to 20 percent of the ideal fan net thrust. For 
this condition the external pressure drag was approximately equal to calculated friction 
drag level. At Mach 0. 75 the propulsive efficiency with a 90 percent efficient fan would 
have been 63 percent. For the aerodynamic characteristics of the nacelle that was tested, 
a fan pressure ratio of 1. 35 would have resulted in a propulsive efficiency of 67 percent. 
With the fan feathered, the total force coefficients were about twice the external drag 
coefficients with power on. 


INTRODUCTION 

The use of a low-pressure-ratio turbofan propulsion system for an externally blown 
flap short haul aircraft is of interest because of its potentially low fan and flap impinge- 
ment noise levels and its potentially high propulsive efficiency. Low pressure ratios 
may also permit the use of variable pitch fans which offer the potential of lightweight 
thrust reversal systems, improved thrust response, and minimized fan exit area varia- 
tions. For commercial applications, the noise characteristics of such a fan may reduce 
the amount of acoustic wall treatment required in the fan duct and may eliminate the need 
for acoustic splitters. 

For a given level of thrust, however, the fan and nacelle would be larger than those 


of a higher pressure ratio system. Thus, the nacelle drag at cruise speeds could be a 
higher percentage of the net thrust. Also, since there would be only a small increase 
in exit velocity above the free stream value, small losses in the fan duct could result in 
large losses in net thrust. 

The performance of some low-pressure -ratio fixed pitch fans is reported in refer- 
ences 1 and 2. The potential of variable pitch fan systems is discussed in references 3 
and 4. Because of the current interest in propulsion systems for low noise, short haul 
aircraft, an experimental investigation was undertaken to study the performance charac- 
teristics of an isolated 1. 15 -pressure -ratio variable pitch fan system over the entire 
operating range of a short haul transport. A fan pressure ratio of 1. 15 was chosen as 
the lowest value likely to be of interest and the most sensitive to potential losses. The 
50. 8 centimeter (20 in. ) diameter fan was installed in a nacelle designed for a cruise 
Mach number of 0. 75. The fan was driven by an air turbine within the core of the nacelle. 
The core size, relative to the fan diameter, was representative of a 25:1 bypass ratio 
engine. Three inlet configurations, differing in internal lines (contraction ratio) and 
overall lengths, were evaluated. This report presents the cruise performance of the 
nacelle with these inlets. The low speed performance is presented in reference 5, and 
a summary of the low and high speed performance is presented in reference 6. 

Cruise tests were conducted in the Lewis Research Center 8- by 6-Foot Supersonic 
Wind Tunnel at zero angle of attack for Mach numbers from 0.6 to 0. 85 and Reynolds 
number per meter from 12. 3x10 to 14. 3x10 . At each Mach number the fan was run 
over a range of speeds to vary pressure ratio and flow rate. Overall nacelle thrust 
minus drag, propulsive efficiency, drag data, inlet and nozzle performance, and com- 
ponent pressure distributions are presented. 


APPARATUS AND PROCEDURE 
Nacelle Design 

Photographs of the simulator nacelle installed in the 8- by 6 -Foot Supersonic Wind 
Tunnel are presented in figure 1. A cross-sectional view of the nacelle is shown in 
figure 2. The symbols used in the figure, as well as all other symbols, are defined in 
appendix A. The fan used in the nacelle was a single-stage axial flow design with a tip 
solidity of 0.5. The fan had 12 adjustable pitch rotor blades and 32 stator blades. It had 
a hub to tip ratio of 0.4. To minimize fan noise the rotor and stator were separated by 
three chord lengths. 

The fan was driven by a four-stage turbine within the core of the nacelle. Turbine 

£* 

drive air came from a 3. 103x10° newtons per square meter (450 psi) continious flow 
supply system, and it was heated to a temperature of 366 K (660° R). The turbine per- 
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formance is described in reference 7. 

The overall dimensions of the nacelle are shown in figure 2. The fan was tightly 
wrapped with an axisymmetric cowl to minimize surface and cross-sectional area; this 
design resulted in a 0- 93. The surface area of the fan cowling was, of 

course, influenced by the rotor -stator spacing and could have been reduced if a smaller 
rotor -stator spacing had been chosen. The core had no air inlets but the dimensions 
were otherwise typical of an actual gas turbine drive system for a 25:1 bypass ratio 
engine. 

The nacelle was supported by a dorsal fin and pylon, the latter having a thickness to 
chord ratio of 11.25 percent. The pylon coordinates are presented in table I. The pylon 
was supported from flexure plates within a windshield. A load cell was used to measure 
the thrust-minus -drag forces on the nacelle, dorsal, and pylon. 


Inlet Design 

The inlet geometries that were investigated are summarized in figure 3. Three 
inlet-spinner combinations were used for these cruise tests and are referred to as 1-1, 
2-2, and 2-1. The first digit designates the outer cowling and the second digit designates 
the spinner. Cowling 1 differed from cowling 2 primarily in contraction ratio A-j/A t ; it 
was' 1-26 for cowling 1 and 1. 35 for cowling 2. Both cowls had the same maximum dif- 
fuser wall angles. Thus, cowl 2, with a higher contraction ratio, had a longer diffuser 
and external cylindrical section than cowl 1. Both cowls had the same NACA 1 series 
external contours obtained from reference 8. An inlet diameter ratio of 

0. 935 and a forebody length ratio x ff/ D MAX °* ^ were used for both cowls. These 

values were obtained from the drag divergence correlation of reference 9 for a drag 
divergence Mach number of 0. 8 at a mass flow ratio W f /Wq of 0. 65. 

The spinners differed in length such that the nose of spinner 1 was tangent to the 
throat plane of cowl 1 and the nose of spinner 2 was tangent to the throat plane of cowl 2. 


Nozzle Design 

The fan nozzles that were investigated are shown in figure 4. Nozzle 1 is the cruise 
nozzle and was sized to give an inlet mass flow ratio of approximately 0. 65 at a free 
stream Mach number of 0. 75 with a fan pressure ratio of 1. 15. The nozzle had a termi- 
nal boattail angle of 16° and a boattail juncture radius to maximum diameter ratio of 0. 93. 
At Mach 0. 75, with a fan pressure ratio of 1. 15, the nozzle pressure ratio was 1. 66. 

Fan nozzle 2 had a larger area than 1 and was used to obtain inlet drag data at high mass 
flow ratios and nacelle force data with the fan feathered. 

The core nozzle, shown in figure 5, had internal lines which formed a constant area 
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duct. The core boattail was contoured essentially the same as the fan nozzle, boattail. 
However, it had a projected boattail area of only 3. 9 percent of the nacelle maxium cross- 
sectional area compared to 21. 8 percent for fan nozzle 1. The core boattail was scrubbed 
by the fan jet which had a flow Mach number of about 0. 9 at the design cruise condition. 


Test Procedure 

For a tunnel Mach number of 0.6, data were recorded at fan mechanical speeds from 
8500 to 12 000 rpm in 500 rpm increments. Data were recorded at these same mechan- 
ical speeds at Mach 0. 7, 0. 75, 0. 80, and 0. 85 and repeated at Mach 0. 75. 

All reported data were taken at a zero angle of attack. Reynolds number per meter 
varied from 12. 3x10® at Mach 0. 6 to 14. 3x10® at Mach 0. 85. 


Instrumentation and Data Reduction 

The pressure and temperature instrumentation installed in the nacelle is shown in 
figure 6. The fan inlet pressure P 2 was obtained from an area weighted average of the 
pressures measured with three outer wall boundary layer rakes and free stream total 
pressure, which was assumed to exist over the rest of the annulus. This assumption was 
made because inner wall (spinner) boundary layer losses were expected to be small at 
normal operating flow rates. At choked inlet conditions, however, P 2 could not be 
accurately determined with this instrumentation. Thus, data which depend on P 2 are 
not presented at these conditions. 

Fan outlet pressure P^ was obtained from a mass weighted average of 18 pressures 
measured on three rakes at station 3. For mass weighting, a constant total temperature 
was assumed to exist throughout the annulus along with a linear static pressure gradient 
from inner wall to outer wall. Inner wall boundary layer rakes were also located at 
station 3 but were used only to define nozzle inlet pressure profiles. 

Turbine inlet pressure and temperature were obtained from an average of two pres- 
sures and two temperatures. Turbine outlet pressure and temperature were obtained 
from area weighted averages of six total pressures and six total temperatures obtained 
with four rakes. Turbine weight flow was measured with a standard ASME sharp edged 
orifice. 

All pressure drags were obtained from area weighted averages of surface static 
pressures - three rows on the fan boattail, three rows on the core boattail, one row on 
the external pylon, and one row on the scrubbed pylon. For the external pylon pressure 
drag, the pressure distribution measured with the upper row of pylon static pressure 
taps was assumed to exist over the entire pylon and dorsal down to a fan jet boundary line 
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extending aft in an axial direction from the fan nozzle tip. For the scrubbed pylon pres- 
sure drag, the pressure distribution measured with the lower row of pylon taps was as- 
sumed to exist over the region aft of the fan exit plane and below the fan jet boundary line. 

Corrected fan weight flow was obtained by relating corrected weight flow to the pres- 
sure ratio (p/Hq) obtained from one or more static taps in the inlet. To establish this 
relation, an experimental internal pressure ratio distribution, for which the corrected 
weight flow was unknown, was compared to a series of theoretical pressure distributions 
for which the corrected weight flows were known. The theoretical pressure ratio dis- 
tributions were obtained from an axisymmetric potential flow analysis using corrected 
weight flow as an input. Such a comparison is shown in figure 7 for Mach 0. 75. Addi- 
tional comparisons were made at other fan operating conditions and other free stream 
Mach numbers. 

On the basis of these comparisons a region near the throat was selected. In this 
region the trends of the theory and the experimental data were in good agreement, bound- 
ary layer effects were negligible, and the wall pressure was the most sensitive to weight 
flow variations. The region near the fan was rejected because of the uncertain effects 
associated with boundary layer, growth and radial static pressure gradients caused by the 
fan and unaccounted for in the theory. The region near the highlight was also rejected 
because of the insensitivity of the pressure to weight flow variations. 

Theoretical pressure ratios in the selected throat region, or more specifically 
values at points a and b (see fig. 7), were tabulated against corrected weight flow and 
are presented in tables II, III, and IV for a range of free stream Mach numbers. The 
experimental corrected weight flow was obtained from an average of the two corrected 
weight flows obtained from the tables for the experimental pressure ratios measured at 
points a and b. For example, for the data in figure 7 a corrected weight flow of 78. 07 
(times the reference value) was determined to be the correct experimental value. 

The same axisymmetric potential flow analysis also provided values of additive drag 
coefficient and stagnation point radius ratio ^gxAG^^l ^ or eacil corrected weight flow 
and free stream Mach number. These are presented in table I for inlet 1-1. However, 
inspection of the variation of corrected weight flow with the pressures measured by sev- 
eral static pressure taps near the stagnation point showed that the experimental stagna- 
tion point location did not quite agree with the theoretical location. The experimental 
and theoretical stagnation point locations are compared in figure 8. To obtain an axi- 
symmetric potential flow additive drag using the experimental stagnation point location, 
a one -dimensional additive drag was computed using the experimental stagnation station 
and corrected weight flow. The value was then multiplied by the ratio of axisymmetric 
potential flow additive drag to one -dimensional additive drag for the same corrected flow 
rate (but with the potential flow stagnation point) . In this manner the axisymetric poten- 
tial flow additive drag, using the experimental stagnation station, was obtained. 


5 


The cowl suction force was obtained from an area weighted average of three rows 
of cowl static pressures extending from the experimental stagnation point to the maxi- 
mum diameter of the nacelle. The difference between axisymmetric potential flow addi- 
tive drag (computed using the experimental stagnation point) and cowl suction force is 
defined as the inlet pressure drag. Inlet pressure drags for inlets 2-2 and 2-1 are not 
presented because severe pressure gradients at and just inside the inlet highlight made 
it impossible to accurately calculate the cowl suction force with the available instrumen- 
tation. The equations used to obtain the other performance parameters in this report 
are contained in appendix B. 


RESULTS AND DISCUSSION 
Overall Performance 

As mentioned previously, three different inlets were tested on the nacelle. These 
inlets differed in internal lines and length and were not expected to give large differences 
in cruise performance. A comparison of nacelle thrust minus drag against free stream 
Mach number with the three different inlets is shown in figure 9 for two values of fan 
pressure ratio. At a fan pressure ratio of approximately 1. 1, where the fan flow rates 
were low, no differences in propulsive force were noted across the Mach number range. 
However, at a fan pressure ratio of approximately 1. 15, where the fan flow rates were 
high, inlet 2-2 with the 1. 35 contraction ratio cowl and the long spinner gave a somewhat 
lower performance over the Mach number range. The performance loss probably was 
caused by inlet losses associated with high inlet internal velocities. At Mach 0. 75 and 
above the flow in the inlet actually choked. Thus, inlet 2-2 was not acceptable for 
cruising flight. Use of the short spinner with the 1. 35 contraction ratio cowl, inlet 2-1, 
alleviated choking and resulted in an acceptable inlet. 

Since inlets 2-1 and 1-1 had the same performance characteristics, as indicated in 
figure 9, data taken with inlet 1-1 are considered to be representative of either inlet and 
are used in all of the remaining figures. Also, data taken with the fan pressure ratio 
closest to 1. 15 were selected for presentation in most of the remaining figures. The 
mass flow ratio Mach number schedule that resulted from this selection is presented in 
figure 10. The mass flow ratio varied from 0 . 700 at Mach 0. 6 to 0. 645 at Mach 0. 85. 
These mass flow ratios were slightly higher than design values because the fan nozzle 
had a slightly larger effective area than anticipated. 

The overall measured performance of the nacelle is represented by the bottom curve 
in figure 11. This curve is the nacelle net propulsive force (or load cell force) less core 
thrust divided by the ideal fan net thrust. The ideal fan net thrust is the net thrust cal- 
culated from the fan pressure ratio and weight flow with no internal losses. A breakdown 
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of the loss in net thrust from the ideal value is also presented in figure 11. The meas- 
ured pressure drag and the calculated flat plate friction drag were added to the bottom 
curve to obtain the two intermediate curves. The top curve was obtained by calculating 
a net thrust based. on a measured fan outlet pressure, which for a particular fan pressure 
ratio reflected the inlet loss. The difference between the two top curves was considered 
to be the nozzle internal loss. 

At Mach 0. 75 only 73 percent of the ideal fan net thrust was available for propulsion. 
The inlet internal loss accounted for about 2 percent of ideal fan net thrust and the 
nozzle internal loss an additional 5 percent; this condition resulted in a total internal 
loss of 7 percent. The calculated flat plate friction drag accounted for a 10 percent loss 
of fan net thrust, and the measured pressure drag also accounted for a 10 percent loss. 
The total drag of the nacelle and pylon represented a loss of 20 percent of ideal fan net 
thrust. The rapid decrease in overall performance above Mach 0. 8 was due to inlet 
drag rise. 

At Mach 0. 6 the approach just described lead to a negative nozzle loss or, in terms 
of nozzle performance, a gross thrust efficiency of 1.003. As explained in appendix C, 
a small part of the efficiency over 1. 000 can be theoretically accounted for by the fact 
that the nozzle is unchoked and the pressure at the exit plane exceeds Pq. For the most 
part, however, the excess in gross thrust efficiency is probably due to inaccuracies in 
determining the component drags, core thrust, fan nozzle inlet pressure, and fan weight 
flow. 

Drag coefficients for the nacelle and pylon are shown in figure 12 for the nominal 
fan pressure ratio and mass flow ratio schedule. A drag coefficient line equal to 25 per- 
cent of ideal fan net thrust is included for reference. At Mach 0. 75 the drag coefficient 
for the combined nacelle, dorsal, and pylon was approximately 0.052. Flat plate fric- 
tion drag was about half of the total drag; in other words, friction drag and pressure drag 
were about equal for this nacelle, dorsal, and pylon. Above Mach 0. 75 the pressure 
drag increased rapidly due to divergence of the inlet cowl drag. 

At Mach 0. 75 an estimation of friction drag was made using the velocities calculated 
from pressures measured experimentally on the fan cowl. These supervelocities slightly 
increased the friction drag above flat plate values as indicated in figure 12. 

In figure 13 the propulsive efficiency of the nacelle is shown as a function of free 
stream Mach number. Because the efficiency of the experimental fan used in the simu- 
lator was not typical of the efficiency that might be obtained from a highly developed fan, 
assumed values of fan efficiency were used. At Mach 0. 75 the propulsive efficiency with 
a 100 percent efficient fan was 70 percent. With a more realistic value for fan efficiency 
of 90 percent, the propulsive efficiency dropped to 63 percent. 

For high propulsive efficiency the nacelle should be designed to handle as large a 
corrected weight flow per unit of nacelle cross-sectional area (specific corrected flow) 
as possible. Figure 14 shows the effect of specific corrected flow on analytical propul - 
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sive efficiency over a range of fan pressure ratios for two values of drag coefficient. 
Specific corrected flow values of 0. 0147 kilogram per second per square centimeter 
(value for the nacelle and fan of this report) and 0.0104 kilogram per second per square 
centimeter (typical value for a lower bypass ratio fan-nacelle system) were selected. A 
fan efficiency of 0. 90 has been assumed and the effects of the core thrust and internal in- 
let and exhaust duct losses have been neglected. The effect of high specific corrected 
flow is most important at low fan pressure ratios and high nacelle drag coefficients. The 
high experimental value of specific corrected flow was achieved by using a thin walled 
nacelle (Dprp/D^^ = * an ro * ;or blade setting that gave a fan face Mach number 

of 0. 6, and a fan design which had a hub to tip ratio of only 0. 4. Figure 14 also shows 
that for a nacelle drag coefficient of 0.06 (near the measured value of 0.052 for the test 
nacelle) the fan pressure ratio for maximum efficiency should be about 1. 35 for the high 
specific corrected flow rate and about 1.45 for the low specific corrected flow rate. The 
corresponding propulsive efficiencies would be 0. 665 and 0.630, respectively. 


Component Pressure Drags 

Component pressure drags are shown in figure 15. A drag coefficient line equal to 
5 percent of ideal fan net thrust is included for reference. Experimental values are 
shown over the Mach number range, and an estimated value is shown at Mach 0. 75. 

In figure 15(a) the inlet pressure drag from Mach 0. 6 to Mach 0. 75 was slightly neg- 
ative and considerably below the value obtained from reference 10. Results of potential 
flow calculations, which will be discussed later, indicate that the level may be influenced 
by the pressure field from the boattail acting on the inlet. Drag rise occurred at approx- 
imately the design drag divergence Mach number of 0. 8, as estimated from reference 9 
for this high diameter ratio, short inlet. 

In figure 15(b) the fan boattail pressure drag coefficient is shown. This was the 
largest component of pressure drag at Mach 0. 75. Its value was somewhat higher than 
the estimated value from reference 11, even though the ratio of boattail projected area 
to maximum cross-sectional area was less for the fan boattail than for the boattail of 
reference 11 (0.220 as opposed to 0.492). Above Mach 0. 75 the boattail pressure drag 
coefficient decreased slightly as the inlet pressure drag increased rapidly. These re- 
sults again imply a possible interaction between the inlet and fan nozzle boattail. 

The core boattail pressure drag coefficient is shown in figure 15(c). At Mach 0. 75 
the measured value agreed with the estimated value obtained from reference 11. Above 
Mach 0. 7 the measured value increased with increasing Mach number. It should be 
noted that the drag coefficient in figure 15(c) was based on qQ and If based on 

local q and centerbody cross-sectional area, the value for the core boattail at Mach 0. 75 
would have been about 0. 03. 
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Both the scrubbed (fig. 15(d)) and the external (fig. 15(e)) pylon pressure drag coef- 
ficients were considerably higher than the very low levels of pressure drag estimated 
from the airfoil method of reference 12. Together they accounted for a drag of about 
5 percent of the ideal fan net thrust. As indicated by the pressure distributions in ap- 
pendix C, some of the pylon drag resulted from failure of the flow to fully recompress 
on the rather abrupt closure of the pylon afterbody. Hopefully, much of the drag could 
be eliminated in a redesigned pylon. 

A potential flow analysis was used to determine the effect of boattail proximity in 
inlet pressure drag. The experimental values of inlet drag coefficient and inlet -boattail 
proximity were used as reference values . Additive drag was held constant (as indicated 
by the analysis to be a valid assumption) and increments of cowl suction force were de- 
termined. The results are shown in figure 16. As the boattail was moved closer to the 
inlet, inlet cowl suction was increased and thus inlet pressure drag was reduced. This 
result and the experimental trends of figure 15 show that an interaction exists between 
the inlet cowl and fan boattail for this type of geometry. This makes it highly desirable 
to test the fan inlet and nozzle simultaniously. 

The variation of inlet pressure drag coefficient with mass flow ratio is shown in 
figure 17. To extend the range of mass flow ratios, data obtained with nozzles 1 and 2 
are shown. This change in nozzle geometry appears to have had a negligible effect on 
inlet drag as evidenced by a small and random change in the drag coefficient level where 
the two sets of data overlap. For Mach numbers up to 0. 80 (figs. 17(a) to (d)) the drag 
coefficients appraoched a minimum value of less than zero as the mass flow ratio was 
increased. At Mach 0. 85 (fig. 17(e)) the inlet choked before a minimum value was 
reached. 

The additive drag and cowl suction coefficients (which are algebraically summed to 
obtain the inlet pressure drag coefficient) are shown in figure 18 as functions of the mass 
flow ratio. Data for Mach 0. 75 and 0. 85 are presented. At all the mass flow ratios 
presented, the additive drag coefficient was somewhat higher at Mach 0. 85 than at 
Mach 0. 75, and the cowl suction coefficient was considerably less at Mach 0. 85 than at 
Mach 0. 75. At Mach 0. 75 the cowl suction coefficient exceeded the additive drag coef- 
ficient at mass flow ratios greater than 0. 64. At Mach 0. 85 the cowl suction coefficient 
was considerably below the additive drag coefficient at any of the mass flow ratios shown. 

A further explanation of the reduction in cowl suction force as the Mach number is 
increased from 0. 75 to 0. 85 is obtained by examining the cowl pressure distributions. 
Cowl pressure coefficients at Mach 0. 75 and 0. 85, for a mass flow ratio of 0. 658, are 
plotted against projected area ratio in figure 19. The cowl suction coefficient is the 
difference between the cross-hatched areas above and below the curve. The stagnation 
and highlight pressure coefficients are less at Mach 0. 75 than at Mach 0. 85, and thus 
the area under the curve (labeled drag) is less at Mach 0. 75 than at Mach 0. 85. Also, 
the minimum pressure coefficients are lower at Mach 0. 75 than at Mach 0. 85, and thus 
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the area above the curve (labeled thrust) was slightly greater at Mach 0. 75 than at Mach 
0. 85. This was true even though the pressure coefficients at Mach 0. 85 remained nearly 
constant at the maximum negative value, indicating a possible separation of flow from 
the cowl. These distributions were typical for the entire range of mass flow ratios 
tested at Mach 0. 75 and 0. 85. Additional pressure distributions on the fan cowl and other 
nacelle components at the nominal fan pressure ratio and mass flow ratio schedule are 
presented in appendix D. 

Fan boattail pressure drag coefficients obtained from pressure integrations are 
shown as a function of fan nozzle pressure ratio in figure 20. At all free stream Mach 
numbers the drag coefficient decreased slightly with increasing nozzle pressure ratio, 
although the range of nozzle pressure ratios at each Mach number was quite limited. 

The drag coefficient also decreased with increasing Mach number, but the decrease is 
probably due to the increasing pressure ratio that accompanied the increase in Mach 
number. These results do not agree with the results shown in reference 11 where an 
increase in boattail drag was noted when the nozzle pressure ratio increased from 1. 5 
to 2. 0 at a constant Mach number of 0. 85. The disagreement may result from differ- 
ences in forebody geometry. The data in reference 11 were obtained with a long cylin- 
derical forebody as opposed to the data of this report which were obtained with a short 
forebody. 

Forebody effects were seen in the boattail pressure distributions. Unlike the pres- 
sure distributions in reference 11, the fan boattail pressure distributions (appendix D) 
did not, in general, exhibit a sharp drop in pressure near the boattail juncture but in- 
stead began at about the level of the last inlet cowl pressure and increased continuously \ 
to the level at the exit plane. 

Core boattail pressure drag coefficients obtained from pressure integrations are 
shown as a function of core nozzle pressure ratio in figure 21. Fan nozzle pressure 
ratios, which determine the flow conditions over the core boattail, are indicated. At 
free stream Mach numbers of 0. 75 and below, the boattail drag coefficient was invariant 
with core nozzle pressure ratio or free stream Mach number. Above Mach 0. 75 the 
core boattail drag coefficient increased with increasing core nozzle pressure ratio and 
increasing free stream Mach number. The core boattail pressure distributions are also 
presented in appendix D. 


Fan Nozzle Coefficients 

The fan nozzle flow coefficients are presented in figure 22, and the fan nozzle gross 
thrust efficiencies are presented in figure 2 3. The methods for obtaining these coeffi- 
cients are explained in appendix B. In general, the flow coefficients increased with both 
fan nozzle pressure ratio and free stream Mach number. At design conditions the fan 
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nozzle flow coefficient was about 0.95. The gross thrust efficiencies were, in general, 
independent of pressure ratio at each Mach number and decreased with increasing Mach 
number. At design conditions the fan nozzle gross thrust efficiency was 0. 995. At 
Mach 0. 6 the gross thrust efficiency was about 1. 003 (see appendix C). These results 
are not unique for the fan nozzle geometry but depend on the pressure profiles at the 
entrance to the fan nozzle, and, since the nozzle was unchoked, on the pressure sur- 
rounding the nozzle exit plane. The pressure profiles at the nozzle entrance and the fan 
boattail pressures are presented in appendix D. The boattail pressure distributions in- 
dicate that the pressure surrounding the nozzle exit was above ambient. 


Feathered Performance 

Low-pressure-ratio fans of the type used in this nacelle are often considered to be 
variable pitch devices. Thus, if the core engine becomes inoperative, the fan could be 
feathered and the drag of the engine and nacelle somewhat reduced. To determine the 
drag level under these conditions the adjustable pitch blades of the model fan were set at 
an estimated angle for feather and the larger fan nozzle installed. Since the estimated 
blade angle for feather was slightly in error, the fan rotated counterclockwise (as op- 
posed to its normal clockwise rotation) at speeds from 870 to 970 rpm. The force coef- 
ficients obtained with this configuration are presented in figure 24. They amounted to 
about twice the drag coefficient measured during power on operation. This would be 
expected as the total wetted area is about doubled when the fan duct internal flow surfaces 
are accounted for. Drag rise appeared to occur at a Mach number slightly above 0. 7. 


SUMMARY OF RESULTS 

An isolated 1. 15 pressure ratio turbofan engine simulator was evaluated at Mach 
numbers from 0. 6 to 0.85. Values of nacelle thrust minus drag, propulsive efficiency, 
drag, inlet and nozzle performance, and component pressure distributions were obtained. 

At Mach 0. 75 the net propulsive force of the nacelle (excluding core thrust) was 
73 percent of the inlet fan net thrust. Internal losses amounted to 7 percent and drag 
amounted to 20 percent of the ideal fan net thrust. For this nacelle, friction and pressure 
drag were about equal with fan boattail pressure drag being the largest component of 
pressure drag. At Mach 0. 75 the drag coefficient for the nacelle, dorsal, and pylon was 
about 0. 052. Drag divergence occurred at the inlet design value of 0. 8. 

For Mach numbers up to 0. 80 the inlet pressure drag coefficient approached a mini- 
mum value of less than zero as mass flow ratio was increased. A potential flow analysis 
showed that inlet pressure drag could be a function of the fan boattail proximity. The 
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fan boattail pressure drag coefficient in general decreased with increasing fan nozzle 
pressure ratio and free stream Mach number. Fan boattail pressure distributions ap- 
peared to be influenced by the close proximity of the inlet. 

At Mach 0. 75 the propulsive efficiency, assuming a 90 percent efficient fan and 
excluding core thrust, would have been 63 percent. An analysis showed that for a drag 
coefficient of 0. 06 and the high corrected weight flow per unit area attained with the 
simulator, a fan pressure ratio of about 1. 35 would be necessary to obtain a maximum 
propulsive efficiency of 67 percent. 

Fan nozzle flow coefficient increased with both fan nozzle pressure ratio and free 
stream Mach number. At design conditions the fan nozzle flow coefficient was 0. 95. 

Fan nozzle gross thrust efficiency was independent of pressure ratio at each Mach num- 
ber and decreased with increasing Mach number. At design conditions the fan nozzle 
gross thrust efficiency was 0.995. An analysis showed that the fan nozzle, which oper- 
ated unchoked and discharged into a flow field where the static pressure was above am- 
bient, could theoretically have had a gross thrust efficiency greater than 1. 000. 

Lewis Research Center, 

National Aeronautics and Space Administration, 

Cleveland, Ohio, February 25, 1974, 

501-24. 
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APPENDIX A 


A 

C D 

C P 

c 

c 

P 

D 

D f 

f load 

f core 

F GFi 

F GFi’ 

F NFI 

f nfh 

F NFm 

F NFIV 

F NFi 

g 

K 

M 

P 

P 3 


SYMBOLS 


area 

drag coefficient, rV^Q-^MAX 
pressure coefficient, p - PqALq 
chord 

specific heat of air at constant pressure 

diameter or drag 
friction drag 


force measured by load cell 
calculated gross thrust of core stream, 


0. 9830 W CQRE V ICQRE 
g 


gross thrust of fan stream obtained by isentropic expansion of fan flow from 
P 3 and T 3 to p Q 

gross thrust, of fan stream obtained by isentropic expansion of fan flow from 
P 3 and T 3 to p Q 

net thrust of fan stream with only internal inlet losses and no nozzle losses 
net thrust of fan stream with both internal inlet and nozzle losses 


net thrust of fan stream with all internal losses and external friction drag 

net thrust of fan stream with all internal losses and external friction and pres- 
sure drag 

ideal net thrust of fan stream 


gravitational constant 
mechanical equivalent of heat 
Mach number 
total pressure 

ideal total pressure at fan exit. 
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I 


p 

q 

R 

Re 

T 

t 

V 


V ICORE 


static pressure 
dynamic pressure 
radius or gas constant 
Reynolds number 
total temperature 
thickness 
velocity 

ideal velocity obtained by isentropic expansion of flow from nozzle inlet pres- 
sure and temperature to ambient pressure 

ideal velocity of core flow obtained by isentropic expansion of core flow from 
P 5 and T 5 to p Q 


W F fan flow rate, calculated at inlet 

W„. ideal fan flow rate 

Fi 

W 0 jvjax free stream flow rate through a stream tube with cross-sectional area A M ^ X 

x length 

13 boattail angle 

y ratio of specific heats 

a effective full cone angle of diffuser from A MIN to Ag 


Tj r fan nozzle gross thrust efficiency 


^A 


analytical gross thrust efficiency 
propulsive efficiency 
analytical propulsive efficiency 


(p maximum turning angle of diffuser 

il/ angular coordinate, measured counterclockwise from bottom looking aft 

Subscripts: 

a, b inlet weight flow stations 

ADD additive 

CB core centerbody 
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CE 

C/3 

D 

DD 

e 

F 

FC 

FE 

FF 

FH 

FT 

F/3 

1 
L 
M 

MAX 

MIN 

OA 

P 

PROJ 

S 

STAG 

STD 

T 

0 

1 

2 

3 

4 

5 


core exit 
core boattail 
diffuser or drag 
drag divergence 
annular exit area 
fan 

fan cowl 
fan exit 

length of external contour of inlet 

fan hub 

fan tip 

fan boattail 

inlet 

local 

length from inlet highlight to end of diffuser 

maximum diameter or cross-sectional area of nacelle 

minimum annular flow area in diffuser measured normal to axis 

overall 

pressure 

projected 

spinner 

stagnation 

standard 

throat 

free stream conditions 
highlight station 
fan inlet station 
fan exit station 
turbine inlet station 
turbine exit station 



APPENDIX B 


CALCULATION OF FRICTION DRAG, NET THRUST, GROSS THRUST 
EFFICIENCY, AND PROPULSIVE EFFICIENCY 

Friction drag was calculated from 

n _ 0.074(1 - 0. 12 M 2 )qAw 

('¥T 

Appropriate values of each of the variables were used for each component of the nacelle. 
The characteristic lengths and wetted areas are listed in table V. 

The net thrust of the fan stream with only internal inlet losses and no nozzle losses 
was calculated as 


F NFI “ F GFi 


W F V 0 


where F^,^ is the gross thrust obtained by isentropically expanding the fan flow Wp 
from measured P g and T g to p^. The Wj, was obtained by the procedure described 
in the Instrumentation and Data Reduction section. 

The net thrust of the fan stream with both inlet and nozzle internal losses was ob- 
tained by adding all drag forces to the load cell force and substracting a calculated core 
thrust : 


F NFII " F LOAD + Yj D p + X D f ' f core 


The equation used to obtain the net thrust of the fan stream with all internal losses 
and external friction drag was 

F NFIH = F LOAD + S D p ' F CORE 

The equation used to obtain the net thrust of the free stream with all internal losses 
and all external drag was simply 

F NFIV = F LOAD ’ F CORE 


The ideal net thrust of the fan stream is defined as 
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p _ p 1 

r NFi r GFi 


W F V 0 


where F Qp|' is the gross thrust obtained by expanding the fan flow from the ideal fan 
outlet pressure, Pg, and Tg to Pq. The ideal fan outlet pressure is defined as 



Using the measured fan outlet temperature instead of an ideal fan outlet tempera- 
ture had a negligible effect on the results. 

Propulsive efficiency (see fig. 13) is obtained from 

v _ ^ f load " f core^ v o 

F Power to fan 


where 


Power to fan = 



w f c p t o 


7 PgVr-D/r 

YV 



Analytical propulsive efficiency (see fig. 14) is obtained from 



Ideal fan weight flow (see fig. 22) is obtained from 
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Fan nozzle flow coefficient was defined as W^/Wp^. Fan nozzle gross thrust efficiency 
(ref. fig. 23) was obtained from 


f nfe + 


V— — 

*GFi 


W F V 0 

g 
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APPENDIX C 


ANALYTICAL GROSS THRUST EFFICIENCY 


Analytical gross thrust efficiency is defined as 


t ?GA = 


W F V e 

g 


+ A e (p e - p Q ) 



(Cl) 


where the subscript e refers to the exit plane, subscript 0 refers to ambient condi- 
tions, and Vj is the velocity obtained by an isentropic expansion of the fan flow from the 
nozzle inlet pressure Pg and temperature Tg to Pq. For exit plane velocities less 
than sonic, the flow would appear as in sketch (a) for P e /p Q >1.0 and as in sketch (b) 


l 

o 



(a) (b) 


f° r P e /Po ^ 1-0* For both cases the pressure acting on the stream tube downstream of 
the exit plane reduces the momentum of the stream from its value at the exit. Since the 
actual thrust is based on the momentum at the exit plane and the ideal thrust is based on 
the momentum of the stream expanded to Pq, the gross thrust efficiency for these oper- 
ating conditions would be greater than 1.0. If the nozzle and boattail walls had been ex- 
tended to a region of Pq, the pressure which reduced the momentum of the air in the 
previous examples would now reduce the boattail drag. Conversely, the shorter boat- 
tails shown in sketches (a) and (b) have more boattail drag than if they had been extended 
to a region of p Q . 

For air, y = 1.4, and unchoked flow, the equation for analytical gross thrust effi- 
ciency reduces to 



(C2) 
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If Pg/Pg is reduced far enough to choke the exit, the pressure ratio of the stream at the 
exit plane reaches a constant value of 0. 5283 and the gross thrust efficiency becomes in- 
dependent of the pressure surrounding the exit plane. Equation (C2) thus reduces to 


7 bA = 


1. 2680 



1. 81188 




1/2 


(C3) 


The analytical gross thrust efficiencies for low pressure ratio nozzles are presented 
in figure 25 as a function of P e /pg, for several values of Pg/pg. In the RESULTS AND 
DISCUSSION section (see also figs. 11 and 23) nozzle gross thrust efficiencies greater 
than 1.000 were calculated at Mach 0.6. At Mach 0. 6 the external flow field around the 
nacelle resulted in a value for P e /Pg of about 1. 04 with a value for Pg/Pg of about 1.5. 
Analytical gross thrust efficiency could have been as high as 1.0005 (see fig. 25). 


i 
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APPENDIX D 


PRESSURE DISTRIBUTIONS 

Pressure coefficients on the fan cowl from the inlet throat to the maximum nacelle 
diameter are plotted in figure 26 as a function of projected area ratio. The data were 
selected at the nominal mass flow ratio schedule (fig. 10). The Mach numbers corre- 
sponding to the minimum pressure coefficients are indicated as well as the Mach num- 
ber at the start of the maximum diameter cylindrical section of the fan cowl. 

Pressure coefficients on the fan boattail are plotted against projected area ratio in 
figure 27. At each Mach number the level of the last pressure coefficient on the fan 
cowl is shown for reference. This pressure was measured about 1.01 nacelle diameters 
upstream of the boattail juncture. 

Pressure coefficient profiles are shown in figure 28 for the core boattail, in fig- 
gure 29 for the scrubbed pylon, and in figure 30 for the external pylon. 

Pressure profiles at the entrance to the fan nozzle are shown in figure 31 over a 
range of free stream Mach numbers and fan pressure ratios. The pressures are nor- 
malized to Pq so that the ratio represents a local nozzle pressure ratio. 
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x/c 

t/c 

x/c 

t/c 

0 

o 

0.0750 

0.0719 

.0010 

.0082 

.0800 

.0736 

.0020 

.0121 

.0850 

.0748 

.0030 

.0145 

.0900 

.0765 

.0040 

.0176 

. 0950 

.0778 

.0050 

.0198 

. 1000 

.0789 

.0060 

.0220 

. 1100 

.0814 

.0070 

.0241 

. 1200 

.0838 

.0080 

.0259 

. 1300 

.0856 

.0090 

.0276 

. 1400 

.0874 

.0100 

.0293 

. 1500 

.0886 

.0120 

.0325 

. 1750 

.0925 

.0140 

.0354 

. 2000 

.0958 

.0160 

.0383 

. 2250 

.0989 

.0180 

.0408 


. 1016 

.0200 

. 0428 


. 1057 

.0220 

.0449 

. 3500 

. 1089 

.0240 

.0465 

■ 

. 1110 

.0260 

. 0479 

1 

. 1122 

.0280 

. 0494 


. 1125 

.0300 

. 0504 

. 5500 

. 1119 

.0325 

.0525 

. 6000 

. 1101 

.0350 

.0544 

. 6500 

. 1068 

.0375 

.0560 


. 1022 

.0400 

.0572 

. 7500 

.0968 

.0425 

.0584 

.7750 

. 0929 

.0450 

.0596 

.8000 

.0883 

.0475 

.0607 

. 8250 

.0823 

.0500 

.0616 

. 8500 

.0748 

.0525 

.0630 


.0664 

.0550 

.0641 

B ■ 

.0565 

.0575 

.0652 

.9250 

.0448 

.0600 

.0664 


. 0315 

. 0650 

.0686 

.9750 

.0165 

.0700 

.0706 

1.0000 

0 









TABLE n. - ANALYTICAL INLET FLOW PARAMETERS FOR INLET 1-1 


Pressure ratio 

Nondimensional weight 
flow ratio, a 

Additive drag 
coefficient, 

Stagnation point 
radius ratio, 

Pressure ratio 
■ 

Nondimensional weight 
flow ratio, a 

Additive drag 

Stagnation point 

P a / p o 

P b / p o 

P a / p o 

Pb/ p o 

coefficient, 

radius ratio, 

K^2/ 8 2)/( WV V 5 )rEF 

C D, ADD 

R STAG^ R l 

(w FV /^/6 2 )/(wv^/a) REF 

C D, ADD 

R STAG^ R l 



Free stream Mach number, Mq = 0. 60 


Free stream Mach number, Mq = 0; 75 

0. 8648 

0.8657 

52.444 

0. 1575 

0.9568 

0.7786 

0. 7852 

63.641 

0. 1489 

0.9614 

.8532 

.8557 

54.065 

. 1474 

.9585 

.7599 

. 7689 

65.441 

. 1386 

.9631 

. 8405 

. 8448 

55. 748 

. 1371 

.9603 

. 7409 

.7523 

67. 154 

. 1286 

.9646 

. 8270 

. 8333 

57.428 

. 1273 

.9621 

.7203 

.7343 

68. 874 

. 1188 

.9661 

. 8135 

. 8217 

59.021 

. 1179 

.9636 

.6982 

. 7149 

70. 604 

. 1092 

.9676 

. 7992 

. 8095 

60.604 

. 1088 

.9652 

.6754 

.6947 

72. 236 

. 1007 

.9690 

. 7664 

. 7815 

63.956 

. 09033 

.9685 

.6492 

.6713 

73. 999 

.09184 

.9704 

. 7493 

. 7669 

65.537 

' .08190 

.9699 

.6200 

. 6451 

75. 792 

.08321 

.9719 

. 7300 

. 7504 

67.231 

.07421 

.9715 

.5892 

.6166 

77.496 

.07520 

. 9733 

.7105 

. 7337 

68. 823 

. 06684 

.9729 

.5542 

.5835 

79.241 

.06731 

.9746 

.6881 

. 7145 

70.545 

.05914 

.9744 

.5158 

.5451 

80. 912 

.06001 

.9759 

.6653 

. 6947 
. 6729 

72. 165 
73.804 

.05228 

.9771 

.9771 

.4696 

.4945 

82.650 

.05292 

.9771 








.6131 

.6488 

75.469 

.04 005 

.9785 



Free stream Mach number, Mq = 0. 80 


.5847 

.6231 

77.034 

.03487 

.9797 

0. 7683 

0. 7750 

64. 813 

0. 1558 

0.9614 

.5528 

.5935 

78. 634 

.02987 

.9809 

. 7500 

.7589 

66. 508 

. 1458 

.9629 

.5162 

.5583 

80.282 

.02494 

.9822 

. 7303 

. 7416 

68.208 

. 1359 

.9644 

.4 732 

.5141 

81.991 

.02012 

.9835 

.7091 

. 7230 

69. 916 

. 1260 

.9659 

.4230 

.4538 

86.643 

.01602 

.9848 

.6861 

. 7027 

71.638 

. 1162 

.9673 



Free stream Mach number, M A = 0. 70 


.6611 

.6804 

73.377 • 

. 1069 

.9688 






.6351 

.6569 

75.023 

.09841 

.9701 

0. 7641 

0. 7745 

64. 815 

0. 1244 

0.9643 

.6062 

.6304 

•76.693 

. 09009 

.9714 

.7456 

.7585 

66.499 

. 1148 

.9658 

.5738 

.5999 

78. 398 

.08185 

.9728 

.7259 

. 7413 

68. 188 

. 1055 

.9673 

.5365 

.5637 

80. 150 

.07360 

.9741 

. 7046 

. 7227 

69. 886 

.09671 

.9688 

.4949 

.5202 

81.834 

.06601 

.9755 

.6815 

.6564 

. 7025 
.6803 

71.597 

73.328 

.08818 

.07994 

.9702 

.9717 

.4434 

.4582 

23. 597 

. 05826 

. 9768 






.6303 

.6570 

74.961 

.07239 

. 9730 



Free stream Mach number, Mq = 0. 85 


.5996 

.6292 

76. 746 

.06442 

.9745 

0. 7562 

0. 7629 

66. 109 

0. 1659 

0.9614 

. 5669 

.5987 

78.444 

. 05719 

.9759 

. 7364 

. 7455 

67.853 

. 1553 

.9629 

.5294 

. 5625 

80. 189 

.05023 

.9771 

. 7151 

. 7267 

69. 606 

. 1447 

.9644 

.4875 

.5191 

81. 865 

.04437 

.9784 

. 6919 


71. 373 . 

. 1342 

.9659 

.4357 

.4572 

83.621 

. 03849 

.9797 

.6666 

. 6836 

73. 157 

. 1238 

.9674 



Free stream Mach number, M n = 0. 75 


• . 6403 

. 6597 

74. 851 

. 1145 

.9688 






. 6110 

. 6329 

76. 569 

. 1054 

. 9701 

0.8530 

0.8502 

55.04 3 

0.2022 

0.9531 

.5781 

.6019 

78. 323 

.09634 

.9715 

.8398 

.8386 

56. 781 

. 1909 

.9549 

.5402 

. 5651 

80. 124 

.08735 

. 9729 

.8258 

; 8203 

58.507 

. 1800 

.9566 

.4976 

. 5207 

81.860 

.07889 

.9742 

.8110 

.8134 

60.224 

. 1694 


.4475 

.4597 

82.551 

.07085 

.9755 

.7953 

. 7997 

61. 934 

. 1591 

!KK 







(wVo/6) ref = 0.4536 kg/sec = 1.000 lb/sec. 
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TABLE HI. - ANALYTICAL INLET FLOW PARAMETERS FOR INLET 2-2 


Pressure ratio 

Nondimensional weight 

| Pressure ratio 

Nondimensional weight 



flow ratio, 

( w f^/ 6 2 )/( w #Jref 



flow ratio, a 

( W F V®2/ 6 2) / (wV®/ 6 ) ref 

Pa /P 0 

Pb /P 0 

P a / p o 

P l/ P 0 

Free stream 

Mach number, Mq = 0. 60 

Free stream Mach number, Mq = 0. 75 

0. 7474 

0. 7656 

62.231 

0. 6408 

0. 6635 

70.553 , 

.7179 

. 7398 

64.795 

. 5951 

. 6204 

73. 167 

. 6869 

. 7125 

67. 177 

.5409 

. 5661 

75.716 

.6506 

.6100 

.6802 

.6432 

69.678 

72.097 

.4694 

.4803 

78.334 




.5620 

. 5973 

74. 557 

Free stream 

Mach number, Mq = 0. 80 

.5018 

.5342 

77. 077 

0. 7221 

0. 7358 

64 . 799 

Free stream Mach number, M„ = 0. 70 

.6894 

. 7064 

67. 341 




.6522 

. 6725 

69. 893 

0.7201 

0. 7370 

64.837 

.6089 

.6321 

72.470 

.6873 

. 7078 

67. 368 

.5569 

.5811 

75.091 

.6501 

.6741 

69. 909 

.4941 

.5110 

77.543 

.6068 

.6340 

72.477 




.5564 

.5847 

74. 974 

Free stream Mach number, Mq = 0. 85 

.4920 

.5138 

77.529 

0. 7063 

0. 7203 

66. 121 

Free stream 

Mach number, Mq = 0. 75 

.6705 

. 6878 

68. 735 



.6292 

. 6496 

71. 369 

0. 7139 

0. 7297 

65.405 

.5816 

.6038 

73. 933. 

.6798 

.6991 

67. 972 

.5224 

.5421 

76. 544 


(wVe/6) REF = 0.4536 kg/sec = 1.000 lb/sec. 
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TABLE IV. - ANALYTICAL INLET FLOW PARAMETERS FOR INLET 2-1 


Pressure ratio 

Nondimensional weight 
flow ratio, a 

( W F^/ 6 2 )/( W #)reF 

Pressure ratio 

Nondimensional weight 
flow ratio, a 

( w fVV 6 2 )/( w #)ref 

P a / p o 

P b / p o 

P a / p o 

P b //P 0 

Free stream Mach number, Mg = 0. 60 

Free stream Mach number, Mg = 0. 75 

0. 7569 

0. 7808 

62. 311 

0.6538 

0.6896 

70.644 

. 7285 

. 7576 

64.781 

.6100 

.6533 

73. 155 

.6967 

. 7317 

67.266 

.5564 

.6091 

75. 710 

.6620 

.7033 

69. 659 

.4856 

.5507 

78. 339 

.6219 

.6707 

72.078 




.5741 

.6319 

74.541 

Free stream Mach number, Mg = 0. 80 

.5143 

.5833 

77. 068 

0. 7357 

0. 7563 

64. 760 

.4328 

.5172 

79.552 

. 7036 

. 7295 

67.298 

Free stream Mach number, M„ = 0. 70 

.6671 

. 6992 

69. 851 




.6245 

.6639 

72.4 3 3 

0. 7330 

0.7569 

64. 756 

.5731 

.6213 

75.064 

.6998 

. 7294 

67. 381 

.5112 

.5701 

77. 519 

.6631 

.6991 

69. 924 

.4180 

.4935 

80.063 

.6202 

.6639 

72.498 




.5703 

.6229 

74. 999 

Free stream Mach number, Mg = 0. 85 

.5065 

.5704 

77. 564 

0 . 72 00 

0. 7420 

66. 149 

.4131 

.4941 

80.096 

.6847 

.7125 

68.770 

Free stream 

Mach number, M n = 0. 75 

.6446 

.6791 

71. 360 




.5969 

.6395 

73. 986 

0. 7261 

0. 7495 

65.480 

.5384 

.5909 

76. 611 

.6924 

. 7215 

68.052 

.4593 

.5254 

79. 196 


(w yfe/o) 


REF 


= 0.4536 kg/sec = 1.000 lb/sec. 


TABLE V. - CHARACTERISTIC LENGTHS 
AND WETTED AREAS 



Characteristic 

length, 

x, 

cm 

Wetted 

area, 

cm 2 

Fan cowl with inlet 1-1 

78. 207 

13 323 

External pylon 

76. 20 

3 123 

Dorsal 

50. 80 

779 

Scrubbed pylon 

50. 80 

884 

Core 

114.30 

2 677 





(a) Front view. 


C-77-TW? 



(b) Rear view. 

Figure 1. - Nacelle in 8- by 6-Foot Supersonic Wind Tunnel. 
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°1 /D MAX = °- 935. X ff /D max = 0.175 
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Figure 3. - Fan inlet geometry and dimensions. Spinner contour, NACA 1 series; ex- 
ternal forebody contour, NACA 1 series; lip contour, 2:1 ellipse (long axis parallel 
to cowl axisl; diffuser maximum turning angle, $ - 10®. Stations are in centimeters. 


Station 279.40 for nozzle 1 
Station 287. 53 for nozzle 2 
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Figure 4. - Fan nozzle geometry details. Stations are in centime- 
ters. 
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Figure 5. - Core nozzle geometry details. 
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Figure 6. - Simulator instrumentation. Linear dimensions and stations are given in centimeters. Angular coordinates (if) measured counter-clockwise 
from bottom, looking aft. 
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Experimental values 



°d/d 'oilBJ ajnssajd lejoiojauejs 


Inlet mass flow ratio, W/Wg 

Figure 8. - Comparison of theoretical and experimental variation of 
stagnation point radial location with inlet mass flow ratio for in- 






25 Percent of ideal 
fan net thrust 



Free stream Mach number, Mq 

Figure 12. - Nacelle arjd pylon drag with inlet 1-1 and fan nozzle 1. 
Fan pressure ratio, 1. 15. 



Analytical propulsive efficiency, Vp^ 


Assumed fan 
efficiency, 


Free stream Mach number, M 0 

Figure 13, - Effect of cruise losses on propulsive efficiency of 1. 15 
pressure ratio turbofan propulsion system. Data obtained with 
inlet 1-1 and fan nozzle 1 . 


Wp-yfe^/S^IVtAX " 01,57 kg/sec -cm 2 (30. 1 lb/sec-ft 2 ) 

W F ye^/ 62 A|y|Ax = 0- 01 °4 kgfsec-cm 2 ( 21. 2 lb/sec-ft 2 ) 

Experiment, WpyS^&g^MAX ' 0. 0147 kg/sec-cm 2 (30. 1 lb/sec-ft 2 ), Cp ■ 

Nacelle drag 

coefficient, 


Fan pressure ratio, P 3 /P 2 

Figure 14. - Effects of fan pressure ratio on analytical propulsive efficiency for range of specific weight flows and 
drag coefficients. Free stream Mach number, Mg ■ 0.75; assumed fan efficiency, Vc - 0.90. 











Inlet pressure drag coefficient, Dpi/qQ A /vtAX 



Inlet-boattail proximity, X/D MAX 

Figure 16. - Effect of boattail proximity on inlet pressure drag from 
potential flow analysis using inlet 1-1 and fan nozzle 1. Free 
stream Mach number, Mg ■ 0.75; mass flow ratio, 

w f' w o,max = 0 -^ 


Fan nozzle 
O 1 



(a) Free stream Mach number. Mg * 0.75. (b) Free stream Mach number, 

M 0 ■ 0. 70. 



Mass flow ratio, Wp/Wg ^ AX 


(c) Free stream Mach (d) Free stream Mach (e) Free stream Mach 

number, Mg = 0. 75. number, Mg » 0. 80. number, Mg - 0. 85. 

Figure 17. - Variation of inlet pressure drag with mass flow ratio for inlet 1-1. 
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Pressure coefficient, 



Mass flow ratio, W^/Wq max 


Figure 18. - Variation of cowl suction coefficient and 
additive drag coefficient with inlet mass flow ratio 
at free stream Mach numbers of 0, 75 and 0. 85 for 
inlet 1-1. 



Area ratio, A PR0J /A MAX 


(a) Free stream Mach number, Mq = 0.75; drag coefficient, (b) Free stream Mach number, Mq = 0.85; drag coefficient, 

Cpp| = -0. 0020. Cpp| " 0.0208. 

Figure 19. - Inlet pressure coefficient distributions at mass flow ratio of 0. 658 for inlet 1-1. 
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Pressure coefficient, C. 
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(a) Free stream Mach number, Mq * 0.60; mass flow ratio, 
Wf' W 0,MAX = °- 6% 


Angular co- 
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V, 

deg 
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0 30 
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(b) Free stream Mach number, Mg-0.70; mass flow ratio, (c) Free stream Mach number, Mg - 0. 75; mass flow ratio, 

'VWq,MAX-°-671. W F /W 0MAX . 0.662, 


-. 35 -.30 -.25 -.20 -.15 -.10 -.05 0 

Area ratio, Ap R0J /A MAX 

(dl Free stream Mach number, Mq = 0. 79; mass flow ratio, (el Free stream Mach number, Mq = 0. 85; mass flow ratio. 

Wo. MAX -<>•«*- Wo, MAX - 0 - 645 - 

Figure 26. - Pressure coefficient profiles for inlet 1-1. 
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(a) Free stream Mach number, Mq = 0.60; pressure ratio, P 3 /P 0 * 1.46. 
































Pressure coefficient. 


.2 



(a) Free stream Mach 
number, Mg * 0. 60; 
pressure ratio, 
P 3 /p 0 ■ 1.46. 



(c) Free stream Mach 
number, Mg = 0. 75; 

. pressure ratio, 



exit plane 


(b) Free stream Mach 
number, Mg * 0.70; 
pressure ratio,. 
P 3 /pg =1.59. 



(d! Free stream Mach 


number, Mg - 0.79; 
pressure ratio, 

P 3 /p 0 - 1.67. P 3 7p 0 = 1.73- 

Figure 29. - Pressure coefficient profiles for portion of 
with fan nozzle 1 


/-Fan nozzle 
[ exit plane 



0 .02 .04 


(e) Free stream Mach 
number, Mg - 0.85; 
pressure ratio, 

P3/P0 " 1 - 82 . 

pylon scrubbed by fan jet 


Pressure coefficient, C 


















(a) Free stream Mach number, Mg • 0.6; 
pressure ratio, P 3 /pg ■ 1. 379. 



(cl Free stream Mach number, Mg • 0.75; 
pressure ratio, p 3 /p 0 - 1.557. 



Local nozzle 


(el Free stream Mach number, Mg = 0.85; 
pressure ratio, P 3 /pg = 1.703, 

Figure 31. - Pressure profiles 


NASA-Langley, 1974 E-7824 


Angular co- 
ordinate, 



(b) Free stream Mach number, Mg -0.6; pressure ratio, 
P 3 /p 0 - 1.493. 



(dl Free stream Mach number, Mg =0.75; pressure ratio, 
P 3 /p 0 = 1.671. 



(f) Free stream Mach number, Mg • 0.85; pressure ratio, 
P 3 /p 0 = 1.823. 


entrance to fan nozzle with inlet 1-1. 
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